H epatocellular carcinoma (HCC) is one of the most frequent human cancers worldwide, and has been the second most lethal cancer in China since the 1990s. 1 2 Many cases remain inoperable because the disease presents at an advanced stage. Despite improvements in surgical techniques, most patients with advanced disease die within a relatively short period of time.
''One of the molecular factors implicated in many neoplasms is the HER-2/neu protooncogene, which encodes a growth factor receptor of the tyrosine kinase receptor family'' Recently, some newer molecular factors such as tumour proliferative indices, nuclear DNA ploidy, and expression of genes, growth factors, and hormone receptors have been used to predict clinical outcome in patients with HCC. 3 One of the molecular factors implicated in many neoplasms is the HER-2/neu protooncogene, which encodes a growth factor receptor of the tyrosine kinase receptor family. Its overexpression has been established in breast, ovarian, endometrial, and pancreatic carcinomas, and has been shown to correlate with aggressive tumour behaviour, advanced stages of disease, and a worse outcome. [4] [5] [6] [7] [8] A humanised form of anti-HER-2/neu antibody, trastuzumab, is important in the treatment of breast carcinomas expressing high levels of HER-2/neu. [9] [10] [11] However, the role of HER-2/neu overexpression/amplification in HCC remains unclear. [12] [13] [14] [15] [16] [17] Our study examined HER-2/neu overexpression/amplification in HCC and explored the possibility of using trastuzumab in the treatment of HCC.
MATERIALS AND METHODS

Patients and samples
Eight hundred and sixty eight liver cancer samples were obtained from surgical resections from eastern hepatobiliary surgery hospital, Second Military Medical University, Shanghai, China. No patients had received prior treatment. Standard 5 mm tissue sections were cut and stained with haematoxylin and eosin and Alcian-periodic acid Schiff and examined by light microscopy. Histopathological diagnosis was carried out according to the World Health Organisation histological classification of tumours of the liver and intrahepatic bile ducts (2000). 18 Each slide was independently evaluated by two pathologists unaware of the clinicopathological characteristics of the tumour. The samples were from 735 men and 133 women. The age ranged from 25-76 years (median, 50.3). Five hundred and thirty five of the 868 patients had serum a fetoprotein concentrations > 20 mg/litre. Hepatitis B surface antigen was positive in 610 patients. Forty eight tumours were small (, 3 cm) and 820 were advanced (> 3 cm). Twenty six HCCs were well differentiated, 798 were moderately differentiated, and 44 were poorly differentiated. Of the 868 patients, 844 had evidence of intrahepatic metastasis (portal vein invasion and/ or intrahepatic dissemination). In 717 HCC samples liver cirrhosis was also detected.
Immunohistochemistry
The tissues had been fixed in 10% neutral buffered formalin for 12 hours and routinely processed. Paraffin wax embedded tissue blocks were cut into 4 mm thick sections, which were placed in antigen retrieval citrate buffer (pH 6.8), then brought up to the boil in a microwave. The Dako HercepTest (Dako, Carpinteria, California, USA) was performed according to the manufacturer's instructions. The evaluation of HER-2/neu immunoreactivity was performed according to the Dako protocol for the HerceptTest, with minor modifications. Only membrane staining was considered positive, whereas cytoplasmic staining was considered non-specific. In each case, the intensity (weak, moderate, or strong) and pattern (incomplete or complete) of membrane Abbreviations: HCC, hepatocellular carcinoma staining and percentage of neoplastic immunoreactive cells (cutoff at 10%) were evaluated. Tumours were scored as follows: 0, no appreciable staining or staining in , 10% neoplastic cells; 1+, tumours with faint/barely appreciable incomplete membranous staining in . 10% neoplastic cells; 2+, tumours with weak to moderate complete membrane staining or containing . 10% neoplastic cells with moderate incomplete basolateral membrane immunostaining; 3+, tumours with strong immunoreactivity of the entire membrane in . 10% neoplastic cells or containing . 10% neoplastic cells with strong basolateral incomplete membrane immunoreactivity. Tumours classified as 0 or 1+ were considered negative, and those scored as 2+ or 3+ were classified as positive for HER-2/neu overexpression. 19 20 For each batch, a breast carcinoma with an amplified HER-2/neu gene and strong immunoreactivity for HER-2/neu was used as a positive control.
Fluorescence in situ hybridisation HER-2/neu gene amplification was assessed by fluorescence in situ hybridisation using the PathVysion HER-2 DNA probe kit and paraffin wax pretreatment kit (Vysis Inc, Downers Grove, Illinois, USA), according to the procedure specified by the manufacturer. Briefly, formalin fixed, paraffin wax embedded tissues were cut into 4 mm thick sections and dewaxed. Subsequently, the sections were subjected to pretreatment including protease digestion for 50 minutes. The slides were then denatured at 72˚C (¡ 1˚C) for five minutes. After a buffer wash, the sections were hybridised with prewarmed probe-the HER-2/neu specific sequence probe (LSI HER-2/neu SpectrumOrange) and a probe for the a satellite sequence on chromosome 17 (CEP 17 SpectrumGreen) overnight at 37˚C. The slides were then washed with posthybridisation wash buffer at 72˚C and counterstained with DAPI (49,6-diamidino-2-phenylindole). The slides were coverslipped using mounting medium and stored at 220˚C in the dark before signal enumeration with an Olympus BX60 microscope using 6100 magnification (oil immersion) and appropriate multiband pass filters. Appropriate positive (HER-2/neu gene amplification) and negative (non-amplification) control slides were included in the staining run. Analysis of the fluorescence in situ hybridisation score was carried out by comparing the ratio of the average copy number of the HER-2/neu gene with that of the chromosome 17 centromere in 60 nuclei/case. Specimens with a signal ratio of more than 2 were scored as positive (HER-2/neu amplified).
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Statistical analysis Statistical analysis was performed using an IBM computer with SPSS.11 software. The differences between the frequency of HER-2/neu and clinicopathological features were analysed using the x 2 test. Significance was defined as p , 0.05 and high significance as p , 0.01. Table 1 summarises the immunohistochemistry results. Overall, HER-2/neu immunolabelling was present in 62 of 868 cases (7.14%). Forty one cases showed faint perceptible membrane staining in more than 10% of the neoplastic cells ( fig 1A) . Strong focal or weak diffuse labelling of more than 10% of the neoplastic cells was present in 20 cases (fig 1B) . One case showed strong diffuse labelling in more than 70% of the cells (fig 1C) . In the 806 remaining cases, there was no HER-2/neu labelling. Adjacent benign liver parenchyma was also uniformly negative. All positive controls stained appropriately.
RESULTS
Frequency of HER-2/neu overexpression/ amplification
Cases that scored 3+ and 2+ were also analysed by FISH. HER-2/neu gene amplification was identified in only one case. It had a Pathvysion ratio of 2.45 signals/nucleus ( fig 1F) . This sample had scored 3+ on IHC ( fig 1C) .
Association between HER-2/neu overexpression and clinicopathological characteristics
To determine whether HER-2/neu expression was associated with clinicopathological features and to reveal its biological role in HCC development and/or progression, we compared HER-2/neu expression with clinicopathological findings, including hepatitis B virus infection, serum a fetoprotein concentration, tumour size, cirrhosis, histological grade, tumour capsule integrity, and tumour intrahepatic metastasis. No significant association was found between HER-2/neu expression and clinicopathological findings (table 1) .
DISCUSSION
The HER-2/neu (also known as c-erbB-2) oncogene is activated in breast cancer, correlates with neoplastic transformation and progression, and is linked to shortened patient survival and chemoresistance. The c-erbB2 gene encodes a transmembrane tyrosine kinase with 40% sequence homology to the epidermal growth factor receptor. A physiological ligand for this presumed receptor has not been identified. HER-2/neu overexpression in breast cancer is associated with other poor prognostic factors, including advanced stage, poor histological differentiation, and resistance to drug treatment. [26] [27] [28] [29] ''Searching for other overexpressed proteins in hepatocellular carcinoma might lead to the discovery of new targets that could be used in specific treatments for this disease'' Previous studies of HER-2/neu expression in HCC have yielded discrepant results. In a few studies, the reported immunoreactivity with the anti-c-erbB2 antibody has ranged from 8% to 29.5%.
12-14 Nakopoulou et al found HER-2/neu expression in 21 of 71 (29.6%) HCC tissues analysed by immunohistochemical staining. 14 Heinze et al analysed the cytosolic HER-2/neu content and reported that increased HER-2/neu content was associated with a poor prognosis. 15 Vlasoff et al found that HER-2/neu was not overexpressed or amplified in HCC, hepatocellular adenoma, or normal liver. 16 Hsu et al also found that the only patient whose HCC tissue showed 1+ HER-2/neu expression was a 57 year old man who presented with an extremely large hepatic tumour and multiple lung metastases at diagnosis. 17 Our study used a new visualisation technique and standardised scoring criteria that are used in the Federal Drug Administration approved HercepTest to avoid these problems. Our findings indicate that HER-2/neu overexpression occurs in 2.42% of patients with HCC, whereas HER-2/neu gene amplification was identified in only one tumour. These findings indicate that HER-2/neu overexpression/amplification is not an important prognostic factor for patients with advanced or metastatic HCC. Despite advances in early diagnosis and improvements in surgical techniques, the survival of patients with HCC even after resection is still poor because of the high incidence of recurrences. New treatments are needed to improve the poor prognosis of this disease. Trastuzumab is a recombinant DNA derived humanised monoclonal antibody that selectively binds to the extracellular domain of HER-2/neu. Trastuzumab is a potential therapeutic agent for patients with breast cancer showing HER-2/neu overexpression and gene amplification. [27] [28] [29] However, our results indicate that it is unlikely that patients with HCC would benefit from this treatment.
In conclusion, we found overexpression of HER-2/neu in 2.42% of HCCs. This result suggests that there is little indication for using HER-2/neu as a prognostic marker or for the use of anti-HER-2/neu trastuzumab treatment in most patients with HCC. Searching for other overexpressed proteins in HCC might lead to the discovery of new targets that could be used in specific treatments for this disease.
